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©  Device  for  detecting  flooding  of  a  hollow  structure. 

An  inspection  device  detects  flooding  in  a  hollow 
structural  member  such  as  the  leg  of  an  oil  or  gas  rig  so  as  to 
detect  the  presence  of  through  wall  cracks  in  the  member. 
The  device  comprises  an  ultrasonic  transducer  19  for 
transmitting  a  pulsed  beam  of  ultrasonic  sound  to  pass 
through  opposing  faced  walls  or  wall  portions  of  the 
member  and  a  visual  indicator  32  responsive  to  time  spaced 
echoes  of  the  ultrasonic  beam  reflected  respectively from  the 
opposing  walls  or  wall  portions  and  received  by  the  trans- 
ducer  19  to  indicate  the  presence  or  absence  of  flooding  in 
the  member.  The  transducer  19  is  located  in  the  bridge  plate 
10  of  a  jig  and  its  beam  passes  through  an  aperture  in  a 
support  frame  8  of  the  jig.  The  support  frame  8  has  a  pair  of 
spaced  magnetic  feet  16  attached  to  a  bracket  15  on  the 
frame  8  and  a  further  magnetic  foot  17  secured  to  the  frame 
8,  the  feet  permitting  the  jig  to  be  clamped  onto  a  steel  rig 
member  so  that  the  transducer  can  be  optimally  aligned  with 
the  member  to  optimise  received  echoes. 

The  bridge  plate  10  is  movable  in  two  orthogonal  planes 
by  adjusting  control  knobs  12  and  13  so  as  to  optimise 
alignment.  A  further  visual  indicator  31  also  responsive  to 
the  echoes  from  the  transducer  19  is  adjustable  to  indicate 
whether  the  transducer  19  is  optimally  aligned  and  only 
when  the  transducer  19  is  optimally  aligned  is  the  presence 
of  flooding,  if  indicated  by  indicator  32,  taken  to  be  valid. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  i n s p e c t i o n   d e v i c e  

f o r   d e t e c t i n g   f l o o d i n g   of  a  h o l l o w   s t r u c t u r e ,   p a r t i c u l a r l y  

an  u n d e r w a t e r   s t r u c t u r e   t h e r e b y   to  i n d i c a t e   t h r o u g h - g o i n g  

c r a c k s   in  t h e   s t r u c t u r e .  

The  n o n - d e s t r u c t i v e   d e t e c t i o n   of  f a t i g u e   c r a c k s   i n  

u n d e r w a t e r   s t r u c t u r a l   m e m b e r s   may  be  c a r r i e d   ou t   by  s i m p l e  

v i s u a l   i n s p e c t i o n   and  c u r r e n t   p r a c t i c e   t e n d s   to   r e l y  

h e a v i l y   on  t h i s   m e t h o d .  

E x p e r i e n c e   d u r i n g   r o u t i n e   i n s p e c t i o n   of  w e l d s   i n  

u n d e r w a t e r   s t r u c t u r e s   h o w e v e r   has   shown  t h a t   t i g h t   s u r f a c e -  

b r e a k i n g   f a t i g u e   c r a c k s   c a n n o t   r e a d i l y   be  d e t e c t e d   by  t h e  

eye  and  t h u s   i t  b e c o m e s   n e c e s s a r y   to  use  more   s o p h i s t i c a t e d  

and   r e l i a b l e   p r o c e d u r e s   s u c h   as  t h e   k n o w n   m a g n e t i c   c r a c k  

d e t e c t i o n   m e t h o d .  

H o w e v e r   even   w i t h   t h i s   m o r e  a d v a n c e d   p r o c e d u r e   c r a c k s  

c a n   o n l y  b e   r e l i a b l y   d e t e c t e d   i f   t h e   s u r f a c e   of   t h e  

s t r u c t u r a l   member   i s   d r e s s e d ,   t he   m a g n e t i c   f i e l d   c o r r e c t l y  

a l i g n e d   and  s u f f i c i e n t l y   i n t e n s e ,   and  a  h i g h   s t a n d a r d   o f  

i l l u m i n a t i o n   u s e d   w i t h   b a c k g r o u n d   p a i n t .  

Thus  w i t h   u n d r e s s e d   i r r e g u l a r   w e l d e d   p r o f i l e s ,   a  p o o r  

s t a n d a r d   of   l i g h t i n g ,   d i f f i c u l t   a c c e s s   and  an  u n p l e a s a n t  

e n v i r o n m e n t ,   even   the   c o n v e n t i o n a l   m a g n e t i c   c r a c k   d e t e c t i o n  



m e t h o d   h a s   p r o v e d   to   be  an  u n r e l i a b l e   m e a n s   of  d e t e c t i n g  

f a t i g u e   c r a c k s   in  h o l l o w   s t r u c t u r a l   m e m b e r s .  

An  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e   a n  

i n s p e c t i o n   d e v i c e   f o r   d e t e c t i n g   t h r o u g h   w a l l s   c r a c k s   i n  

s t r u c t u r a l   m e m b e r s   p a r t i c u l a r l y   u n d e r w a t e r  s t r u c t u r a l  

m e m b e r s ,   in   a  m o r e  r e l i a b l e   and   e f f i c i e n t   way  t h a n  

h e r e t o f o r e   p o s s i b l e .  

T h i s   i s   a c h i e v e d   by  m a k i n g  u s e   of  t h e   l a r g e   d i f f e r e n c e  

w h i c h   e x i s t s   b e t w e e n   t h e   a c o u s t i c   p r o p e r t i e s   of  w a t e r  

c o m p a r e d   w i t h   a i r .   T h u s   much   g r e a t e r   a t t e n u a t i o n   o c c u r s  

w h e n   u l t r a s o u n d   i s   t r a n s m i t t e d   t h r o u g h   a i r   t h a n   t h r o u g h  

w a t e r   and  much  g r e a t e r   l o s s e s   o c c u r   a t   a  s t e e l / a i r   b o u n d a r y  

as  c o m p a r e d   w i t h   t h o s e   a t   a  s t e e l / w a t e r   b o u n d a r y .  

The   p r e s e n c e   or  a b s e n c e   o f   w a t e r   in   a  h o l l o w  

s t r u c t u r a l   member   f o r   e x a m p l e   in  t he   c a s e   of  an  u n d e r w a t e r  

s t r u c t u r a l   m e m b e r ,   can   t h e r e f o r e   be  r e a d i l y   d e t e c t e d   b y  

t r a n s m i t t i n g   an  u l t r a s o n i c   p u l s e   in  t o w a r d s   t he   c e n t r e   o f  

t h e   m e m b e r   and  i n t e r p r e t i n g   a l l   r e s u l t i n g   e c h o e s   due  t o  

r e f l e c t i o n   of  t h e   p u l s e   by  t h e   w a l l s   of  t h e   s t r u c t u r a l  

m e m b e r   in  t h e   p a t h   of  t h e   p u l s e ,   and  by  i n f e r e n c e   w h e t h e r   a 

t h r o u g h - g o i n g   c r a c k   is   p r e s e n t   in  the   m e m b e r .  

A c c o r d i n g   to   t h e   i n v e n t i o n   t h e r e f o r e   i s   p r o v i d e d   a n  

i n s p e c t i o n   d e v i c e   f o r   d e t e c t i n g   f l o o d i n g   of  a  h o l l o w  

s t r u c t u r a l   member   c o m p r i s i n g   an  u l t r a s o n i c   t r a n s d u c e r   f o r  



e m i t t i n g   a  p u l s e d   beam  of  u l t r a s o n i c   s o u n d ,   means   a r r a n g e d  

to   m o u n t   t h e   t r a n s d u c e r   to   t h e   s t r u c t u r a l   m e m b e r   a t   a 

s p a c i n g   t h e r e b e t w e e n   so  t h a t   t h e   beam  p a t h   i s   d i r e c t e d   t o  

p a s s   t h r o u g h   o p p o s i n g   s p a c e d   w a l l s   or  w a l l   p o r t i o n s   of  t h e  

m e m b e r ,   and  i n d i c a t i n g   m e a n s   r e s p o n s i v e   to   t i m e - s p a c e d  

e c h o e s   of  t he   u l t r a s o n i c   p u l s e d   beam  r e f l e c t e d   r e s p e c t i v e l y  

f r o m   s a i d   o p p o s i n g   w a l l s  o r   w a l l   p o r t i o n s   and  r e c e i v e d   by  

s a i d   t r a n s d u c e r ,   to   i n d i c a t e   t h e   p r e s e n c e   or  a b s e n c e   o f  

f l o o d i n g   in  t h e   m e m b e r .  

The  a d v a n t a g e   of  such   an  i n s p e c t i o n   d e v i c e   is   t h a t   i t  

e n a b l e s   an  e n t i r e   s t r u c t u r e   to  be  i n s p e c t e d   q u i c k l y   w i t h o u t  

i n v o l v e d   p r e p a r a t o r y   w o r k ,   and  a t   c o m p a r a t i v e l y   f r e q u e n t  

i n t e r v a l s   w i t h   a  h i g h   p r o b a b i l i t y   of  s u c c e s s f u l l y   d e t e c t i n g  

a l l   s e r i o u s   t h r o u g h - g o i n g   c r a c k   d e f e c t s .  

The   m e a n s   f o r   m o u n t i n g   t h e   t r a n s d u c e r   to   t h e  

s t r u c t u r a l   member   p r e f e r a b l y   i n c l u d e s   s p a c e d   m a g n e t i c   f e e t  

w h i c h   t h e r e f o r e   a l l o w   the   d e v i c e   to  be  m a g n e t i c a l l y   c l a m p e d  

to  t h e   s t r u c t u r a l  m e m b e r   when  made  of  a  s u i t a b l e   m a t e r i a l .  

T h u s   when   u s i n g   t h e   d e v i c e   to  t e s t   s t e e l   u n d e r w a t e r  

s t r u c t u r e s   an  o p e r a t o r   is   f r e e   to  s e c u r e   h i s   p o s i t i o n   w i t h  

one  hand   w h i l e   c o n t r o l l i n g   the   d e v i c e   w i t h   t he   o t h e r .  

The  d e v i c e   may  a d v a n t a g e o u s l y   be  p r o v i d e d   w i t h   a n  

a l i g n m e n t   m e a n s   f o r   a l i g n i n g   t h e   u l t r a s o n i c   beam  w i t h  



r e s p e c t   to   t h e   w a l l   of  t h e   s t r u c t u r a l   m e m b e r   to   w h i c h   t h e  

d e v i c e   i s   a t t a c h e d .  

T h i s   e n a b l e s   a  r e f l e c t e d   echo   s i g n a l   w i t h   a  f a v o u r a b l e  

s i g n a l / n o i s e   r a t i o   to  be  p r o d u c e d ,   t he   n e c e s s a r y   a l i g n m e n t  

of  t h e   beam  b e i n g   m o n i t o r e d   by  i n t e r p r e t i n g   t h e   p u l s e   f o r m  

of  t h e   f i r s t   e cho   r e c e i v e d   f rom  t h a t  w a l l   of  t h e   m e m b e r .  

The   i n d i c a t i n g   m e a n s   may  be  in   t h e   f o r m   of   a n  

e l e c t r o n i c   c i r c u i t   f o r   m o n i t o r i n g   t he   e c h o e s   r e c e i v e d   f r o m  

t h e   s t r u c t u r a l   m e m b e r   and  p r o v i d i n g   r e p r e s e n t a t i v e   s i g n a l s  

w h i c h   can  t h e n   be  d i s p l a y e d   on  an  o s c i l l o s c o p e .  

In  t h i s   way  t h e   i n s p e c t i o n   d e v i c e   can   be  r e a d i l y   a n d  

e a s i l y   c o n t r o l l e d ,   and   i n t e r p r e t a t i o n   of  t h e   r e s u l t s  

p r o d u c e d   by  t he   d e v i c e   q u i c k l y   a n a l i z e d .  

O t h e r   f e a t u r e s   and  a d v a n t a g e s   of  t he   p r e s e n t   i n v e n t i o n  

w i l l   b e c o m e   a p p a r e n t   f r o m   t h e   d e s c r i p t i o n   of  a  p r e f e r r e d  

e m b o d i m e n t   of  t h e   i n v e n t i o n   w h i c h   f o l l o w s .  

An  e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d   by  w a y   of   e x a m p l e   w i t h   r e f e r e n c e   to   t h e  

a c c o m p a n y i n g   d r a w i n g s   w h e r e i n :  

F i g u r e   1  i s   an  i l l u s t r a t i o n   of  t h e   c o n c e p t   of  u l t r a s o n i c  

d e t e c t i o n   of  f l o o d i n g   in  a  h o l l o w   s t r u c t u r a l   m e m b e r ,  



F i g u r e   2A  s h o w s   an  o s c i l l o s c o p e   t r a c e   of  a  f i r s t   w a l l   e c h o  

r e c e i v e d   f r o m   a  s t r u c t u r a l   m e m b e r   u n d e r   t e s t   u s i n g   t h e  

u l t r a s o n i c   c r a c k   d e t e c t i o n   t e c h n i q u e   i l l u s t r a t e d   in  F i g u r e  

1  a n d   i n d i c a t i v e   of   a  n o n - f l o o d e d   c o n d i t i o n   of   t h e  

s t r u c t u r a l   m e m b e r ,  

F i g u r e   2B  s h o w s   an  o s c i l l o s c o p e   t r a c e   of  t i m e - s p a c e d   e c h o e s  

r e c e i v e d   r e s p e c t i v e l y   f rom  o p p o s i n g   w a l l s   of  a  s t r u c t u r a l  

m e m b e r   u n d e r   t e s t   u s i n g   t h e   u l t r a s o n i c   c r a c k   d e t e c t i o n  

t e c h n i q u e   i l l u s t r a t e d   in  F i g u r e   1  and  i n d i c a t i v e   of  a 

f l o o d e d   c o n d i t i o n   of  t he   s t r u c t u r a l   m e m b e r ,  

F i g u r e   3  i s   a  p l a n   v i e w   of  an  u l t r a s o n i c   c r a c k   d e t e c t i o n  

t e s t i n g   j i g ,  

F i g u r e   4  i s   a  f r o n t   v iew  of  t h e   j i g   of  F i g u r e - 3 ,  

F i g u r e   5  i s   an  end  v i ew  of  t he   j i g   of  F i g u r e   3,  a n d  

F i g u r e   6  i s   a  s c h e m a t i c   d i a g r a m   of  an  e l e c t r o n i c   m o n i t o r i n g  

and  t r a n s m i t t i n g   c i r c u i t   of  an  u l t r a s o n i c   i n s p e c t i o n  

d e v i c e .  

The  c o n c e p t   u n d e r l y i n g   t h e   p r e s e n t   i n v e n t i o n   i s  

i l u s t r a t e d   in  F i g u r e   1  w h i c h   s h o w s   a  h o l l o w   s t r u c t u r a l  

member  1  p a r t i a l l y   f i l l e d   w i t h   w a t e r   2  up  to  a  l e v e l   3 .  



A  f i r s t   u l t r a s o n i c   t r a n s d u c e r   4  f o r   e m i t t i n g   s h o r t  

b u r s t s   of  u l t r a s o n i c   e n e r g y   i s   p o s i t i o n e d   w i t h   r e s p e c t   to  a 

w a l l   f a c e   5  of   t h e   m e m b e r   1  s u c h   t h a t   t h e   p u l s e d   beam  i s  

n o r m a l   t h e r e t o .   In  t h e   i l l u s t r a t i o n   the   s t r u c t u r a l   m e m b e r  

1  i s   an  u n d e r w a t e r   s t r u c t u r e   so  t h a t   t h e   s i g n a l s   f o r  

o p e r a t i n g   t h e   t r a n s d u c e r   4  a r e   r e c e i v e d   t h r o u g h   a n  

u m b i l i c a l   S  f r o m   a  v e s s e l   or  o t h e r   r i g   ( n o t   s h o w n )   s i t u a t e d  

on  t h e   w a t e r   s u r f a c e .  

The  p u l s e d   beam  f rom  the   t r a n s d u c e r   4  i s   d i r e c t e d   i n t o  

a  n o n - f l o o d e d   p a r t   of  t h e   m e m b e r   1.  Due  to   t h e   p o o r  

t r a n s m i s s i o n   of  u l t r a s o u n d   e n e r g y   a c r o s s   t h e   s t e e l / a i r  

i n t e r f a c e   t h e   beam  i s   r e f l e c t e d   a t   t h e   f a c e   5  w i t h o u t  

t r a n s m i s s i o n   so  t h a t   t h e   t r a n s d u c e r   4  o n l y   r e c e i v e s   e c h o e s  

r e f l e c t e d   f rom  t h a t   w a l l  f a c e .  

A   s e c o n d   s i m i l a r   u l t r a s o n i c   t r a n s d u c e r   6  i s   p o s i t i o n e d  

s u c h   t h a t   i t s   p u l s e d   beam  of  u l t r a s o u n d   e n e r g y   i s   d i r e c t e d  

to   t h a t   p a r t   of  t h e   m e m b e r   w h i c h   i s   f l o o d e d   w i t h   w a t e r   2 .  

In  t h i s   c a s e   due   to   t h e   good   t r a n s m i s s i o n   a c r o s s   t h e  

s t e e l / w a t e r   i n t e r f a c e   two   e c h o e s   a r e   r e c e i v e d   by  t h e  

t r a n s d u c e r   6,  t he   f i r s t   one  b e i n g   a  r e f l e c t e d   e cho   f rom  t h e  

w a l l   f a c e   5  and  t h e   o t h e r ,   w i t h   t i m e   d e l a y ,   f r o m   t h e  

i n t e r i o r   w a l l   f a c e   7  of  an  o p p o s i n g   w a l l   of  t h e   s t r u c t u r a l  

member   in  t h e  p a t h   of  t he   p u l s e d   u l t r a s o u n d   b e a m .  

The   r e s u l t i n g   e c h o e s  E l   and   E2  r e c e i v e d   by  t h e  

t r a n s d u c e r s   4  and  6  a r e   i l l u s t r a t e d   as  o s c i l l o s c o p e   t r a c e s  



in  F i g u r e s   2A  and  2B  r e s p e c t i v e l y .  

I t   can  be  c l e a r l y   s een   t h a t   t he   p r e s e n c e   of  t he   s e c o n d  

e c h o   E2  as   s h o w n   in  F i g u r e   2B,  may  be  t a k e n   to  be  a n  

u n a m b i g u o u s   i n d i c a t i o n   t h a t   t h e   member  1  is   f l o o d e d .  

The  r e l i a b i l i t y   of  t he   t e c h n i q u e   i s   m a x i m a l   when  a l l  

e c h o e s   r e c e i v e d   a r e   a c c o u n t e d   f o r .   T h i s - c a n   b e  

a c c o m p l i s h e d   by  k n o w i n g   the   v e l o c i t y   of  sound   p r o p a g a t i o n  

in   w a t e r   and  s t e e l   and  t h e   d i m e n s i o n s   of  t h e   s t r u c t u r a l  

m e m b e r   to   be  i n s p e c t e d ,   f r o m   w h i c h   t h e   a r r i v a l   t i m e s   o f  

e x p e c t e d   e c h o e s   can  be  c a l c u l a t e d .   Any  e c h o e s   w h i c h   c a n n o t  

be  a c c o u n t e d   f o r   i n d i c a t e   some  a m b i g u i t y   in  t he   p r o c e d u r e .  

A  j i g   f o r   c a r r y i n g   t h e   u l t r a s o n i c   t r a n s d u c e r   of  t h e  

i n s p e c t i o n   d e v i c e   is   shown  in  d e t a i l   in  F i g u r e s   3 ,  4   and  5 .  

The  j i g   c o m p r i s e s   a  s u p p o r t   f r a m e   8  h a v i n g   t h r e e  

s p a c e d   s c r e w   m o u n t e d   c o n t r o l   s h a f t s   9.  A  b r i d g e   p l a t e   10  

i s   m o u n t e d   f o r   m o v e m e n t   on  t h e   s h a f t s   9,  t h e   b r i d g e   p l a t e  

10  b e i n g   c o n t i n u o u s l y   u r g e d   i n t o   s p a c e d   r e l a t i o n s h i p   f r o m  

t h e   s u p p o r t   f r a m e   8  by  m e a n s   of   c o i l e d   s p r i n g s   11 

s u r r o u n d i n g   e a c h   s h a f t   9 .  

Two  of  t h e   c o n t r o l   s h a f t s   9  a r e   p r o v i d e d   w i t h   a c t u a b l e  

c o n t r o l   k n o b s   12  and  13,  t h e   c o n t r o l   k n o b   12  b e i n g   o f  

c i r c u l a r   c o n f i g u r a t i o n   and   t h e   c o n t r o l   k n o b   13  o f  



t r i a n g u l a r   c ' o n f i g u r a t i o n   f o r   i d e n t i f i c a t i o n   p u r p o s e s .   T h e  

r e m a i n i n g   c o n t r o l   s h a f t   9  i s   p r o v i d e d   w i t h   a  s e t t i n g   s c r e w  

14.  The  c o n t r o l   k n o b s   12  and  13  and  t h e   s e t t i n g   s c r e w   1 4  

b e a r   a g a i n s t   t h e   u p p e r   s u r f a c e   of  t h e   b r i d g e   p l a t e   10  s o  .  

t h a t   t h e   s p a t i a l   r e l a t i o n s h i p   b e t w e n   t h e   b r i d g e   p l a t e   10  

and  t h e   s u p p o r t   f r a m e   8  can  be  v a r i e d   by  a c t u a t i o n   t h e r e o f .  

The  s u p p o r t   f r a m e   8  is  p r o v i d e d   on  i t s   u n d e r s i d e   w i t h  

a  b r a c k e t   15  h a v i n g   a  m a g n e t i c   f o o t   16  a t t a c h e d   to   e a c h  

f r e e   end  of   t h e   b r a c k e t   15.  The  f r e e   e n d s   of  t h e   b r a c k e t  

15  a r e   a n g l e d   o b t u s e l y   to  t h e   c e n t r a l   p o r t i o n   so  t h a t   t h e  

f e e t   16  c a n   be  r e a d i l y   c l a m p e d   p a r t i a l l y   a r o u n d   a  t u b u l a r  

s t r u c t u r a l   m e m b e r   u n d e r   t e s t .  

A  f u r t h e r   m a g n e t i c   f o o t   17  is   a t t a c h e d   to  t he   s u p p o r t  

f r a m e   8,  t h e   p o s i t i o n a l   r e l a t i o n s h i p   b e t w e e n   t h e   t w o  

m a g n e t i c   f e e t   16  and  t h e   m a g n e t i c   f o o t   17  b e i n g   s u c h   t h a t  

t h e   m o u n t i n g   p o s i t i o n s   of  t h e   f e e t   l i e   a t   t h e   c o r n e r s   of  a n  

i s o c e l e s   t r i a n g l e   and  t h e   m o u n t i n g   p o s i t i o n   of  t he   f o o t   17 

b e i n g   a t   t h e   apex   of  t h e   i s o s c e l e s   t r i a n g l e .  

As  an  a l t e r n a t i v e   to  t h e   a r r a n g e m e n t   d e s c r i b e d   t h e  

f e e t   16,  17  c o u l d   be  a r r a n g e d   on  t h e   s u p p o r t   f r a m e   8  e a c h  

to   l i e   in  a  f l a t   p l a n e   t h e r e b y   to  e n a b l e   t h e   j i g   to   b e  

c l a m p e d   to  a  f l a t   s u r f a c e .   C l e a r l y   t h e   f e e t   16,  17  c o u l d  

a l s o   be  a d j u s t a b l y   m o u n t e d   in  some  s u i t a b l e   way  so  t h a t   t h e  

j i g   c o u l d   be  c l a m p e d   to  s u r f a c e s   of  v a r y i n g   s h a p e s .  



The  s u p p o r t   f r a m e   8  i s   p r o v i d e d   w i t h   a  h a n d l e   18  t o  

e n a b l e   an  o p e r a t o r   to   m a n i p u l a t e   t h e   d e v i c e   i n t o   a  t e s t  

p o s i t i o n .  

An  u l t r a s o n i c   t r a n s d u c e r   19  i s   m o u n t e d   to   t h e   b r i d g e  

p l a t e   10,  t h e   s u p p o r t   f r a m e   8  b e i n g   p r o v i d e d   w i t h   a n  

a p e r t u r e   ( n o t   s h o w n )   to  p e r m i t   p a s s a g e   of  u l t r a s o n i c   s o u n d  

to   and   f r o m   t h e   t r a n s d u c e r   19.  S i n c e   t h e   t r a n s d u c e r   i s  

m o u n t e d   to   t h e   b r i d g e   10  i t   w i l l   be  a p p r e c i a t e d   t h a t   i t s  

s p a c i n g   f rom  the   s t r u c t u r a l   member   u n d e r   t e s t   can  be  v a r i e d  

by  a c t u a t i o n   of  c o n t r o l   k n o b s   12  and  13  and  s e t t i n g   s c r e w  

14.  F u r t h e r m o r e   t he   s h a f t s   9  c a r r y i n g   the   c o n t r o l   k n o b s   12 

and  13  a r e   so  a r r a n g e d   on  t h e   f r a m e   8  t h a t   i n d i v i d u a l  

a c t u a t i o n   of  k n o b s   12  and  13  e n a b l e s   t he   b r i d g e   p l a t e   10  t o  

be  m o v e d   in  t w o   o r t h o g o n a l   p l a n e s   so  t h a t   t h e   u l t r a s o u n d  

beam  can  be  p r o p e r l y   a l i g n e d   w i t h   r e s p e c t   to  the   s t r u c t u r a l  

member   u n d e r   t e s t   t h e r e b y   to  o p t i m i s e   r e c e i v e d   e c h o e s .  

The  u l t r a s o n i c   t r a n s d u c e r   19  m o u n t e d   to   t h e   j i g   a s  

shown  in  F i g u r e s   3,  4  and  5,  is  c a p a b l e   of  g e n e r a t i n g   s h o r t  

b u r s t s   of  u l t r a s o u n d   e n e r g y   in  t he   f r e q u e n c y   r a n g e   0.1  a n d  

5  MHz  and  may  be  a d a p t e d   f o r   u n d e r w a t e r   use  i f   r e q u i r e d .  

The  t r a n s d u c e r   19  is   c o u p l e d   to  an  e l e c t r o n i c   c i r c u i t  

as  s h o w n   in  F i g u r e   6,  f o r   m o n i t o r i n g   r e c e i v e d   s i g n a l s   o f  

r e f l e c t e d   u l t r a s o u n d   f rom  the   t r a n s u c e r   1 9 .  

The  c i r c u i t   c o m p r i s e s   a  p r e a m p l i f i e r   20  p r o v i d e d   w i t h  



a  g a i n   c o n t r o l   21  f o r   a m p l i f y i n g   t h e   r e c e i v e d   s i g n a l s   o f  

r e f l e c t e d   u l t r a s o u n d   f r o m   t h e   t r a n s d u c e r   1 9 .  

The  a m p l i f i e d   s i g n a l s   a r e   f i r s t   f e d   t o   t h e   i n p u t s   of  a 

h i g h   g a i n   a m p l i f i e r   22  and   a  low  g a i n   a m p l i f i e r   23  e a c h  

r e s p e c t i v e l y   p r o v i d e d   w i t h   g a i n   c o n t r o l s   24  and  25.   T h e  

a m p l i f i e r s   22  and   23  a r e   c o u p l e d   to   an  o s c i l l o s c o p e   2 6  

h a v i n g   two  s e p a r a t e   t i m e   b a s e   a x e s .  

The  l ow  g a i n   a m p l i f i e r   23  i s   u s e d   to   m o n i t o r   t h e   f i r s t  

r e c e i v e d   r e f l e c t e d   w a l l   echo   f rom  a  s t r u c t u r a l   member   u n d e r  

t e s t   and  t h e r e f o r e   r e q u i r e s   l e s s   g a i n   t h a n   t h e   a m p l i f i e r   22  

u s e d   f o r   m o n i t o r i n g   t h e   l a t e r   t i m e - s p a c e d   e c h o   r e c e i v e d  

f rom  an  o p p o s i n g   w a l l   of  t he   s t r u c t u r a l   m e m b e r   u n d e r   t e s t  

and  in  t h e   p a t h   of  t he   u l t r a s o n i c   p u l s e d   b e a m .  

The  o u t p u t s   of  t h e   a m p l i f i e r s   22  and   23  a r e   a l s o  

m o n i t o r e d   by  g a t e d   d e m o d u l a t o r s   27  and  28  r e s p e c t i v e l y ,   t h e  

g a t e s   of   t h e s e   d e m o d u l a t o r s   b e i n g   i n d i c a t e d   by  r e f e r e n c e  

n u m e r a l s   29  and  30  r e s p e c t i v e l y .  

G a t e   30  of  d e m o d u l a t o r   28  i s  s e t  o n   t h e   l o w e r   t r a c e   o f  

t h e   o s c i l l o s c o p e   26  so  t h a t   i f   t h e   t r a n s d u c e r   19  i s  

p r o p e r l y   a l i g n e d   w i t h   r e s p e c t   to  t he   i m m e d i a t e l y   a d j a c e n t  

w a l l   of  a  s t r u c t u r a l   m e m b e r   u n d e r   t e s t ,   t h e   r e s u l t i n g  

r e f l e c t e d   e c h o   f a l l s   b e t w e e n   t h e   d e l a y   l i m i t s   or  g a t e  

i n t e r v a l   a n d  a m p l i t u d e   l i m i t   i m p o s e d   by  t h e   g a t e   30.  T h e  



g a t e   30  i s  a d j u s t e d   i n i t i a l l y   a c c o r d i n g   to   t h e   k n o w n  

e x t e r n a l   d i m e n s i o n s   of  t h e   s t r u c t u r a l   member   u n d e r   t e s t   a n d  

t h e   d i s t a n c e   o f   t h e   t r a n s d u c e r   f r o m  t h e   w a l l   of   t h e  

s t r u c t u r a l   member   to  w h i c h   i t   is   c l a m p e d .  

A  v i s u a l   a l i g n m e n t   i n d i c a t o r   31  i s   c o u p l e d   to   t h e  

d e m o d u l a t o r   30  and   i s   t h u s   a c t i v a t e d   by  t h e   g a t e   30  t o  

d i s p l a y   a  g r e e n   l i g h t   w h e n   o p t i m u m   a l i g n m e n t   of  t h e  

u l t r a s o n i c   beam  has   been   a c h i e v e d .  

On  t h e   o t h e r   h a n d   g a t e   29  of  d e m o d u l a t o r   27  i s   s e t   o n  

t he   u p p e r   t r a c e   of  t he   o s c i l l o s c o p e   26  so  as  to  a c t i v a t e   a 

v i s u a l   i n d i c a t o r   32  c o u p l e d   t h e r e t o   o n l y   i f   t he   l a t e r   t i m e -  

s p a c e d   echo   f a l l s   w i t h i n   a  d e l a y   l i m i t   and  a m p l i t u d e   l i m i t  

i m p o s e d   by  t h e   g a t e   29  t h u s   g i v i n g   a  v i s u a l   i n d i c a t i o n   o f  

f l o o d e d   c o n d i t i o n s .   T h i s   l i m i t   i s   a g a i n   d e p e n d e n t   on  t h e  

e x t e r n a l   d i m e n s i o n s   of   t h e   m e m b e r   u n d e r   t e s t   and  t h e  

s e p a r a t i o n   of  t h e   u l t r a s o n i c   t r a n s u c e r   f rom  t h e   f r o n t   w a l l  

of   t h e   s t r u c t u r a l   m e m b e r   to   w h i c h   i t   i s   c l a m p e d .   U p o n  

a c t i v a t i o n   t he   f l o o d e d   m e m b e r   i n d i c a t o r   32  d i s p l a y s   a  r e d  

l i g h t   b u t   w i t h   t h e   a r r a n g e m e n t   s h o w n   t h e   i n d i c a t o r   32  i s  

i n v a l i d   u n t i l   t he   a l i g n m e n t   i n d i c a t o r   31  shows   g r e e n .  

W i t h   t h e   s y s t e m   as  d e s c r i b e d   i t   i s   p o s s i b l e   t o  

d e t e r m i n e   t h e   w a l l   t h i c k n e s s   of  a  m e m b e r   u n d e r   t e s t   b y  

m e a s u r i n g   t he   t i m e   i n t e r v a l   b e t w e e n   s i g n a l   e c h o e s   d i s p l a y e d  

on  the   o s c i l l o s c o p e   s c r e e n   26 . -   Wal l   t h i c k n e s s   m e a s u r e m e n t s  

h o w e v e r   can  o n l y   be  made  when  t he   member   is   f u l l y   c l e a n e d  



u n d e r n e a t h   t h e   u l t r a s o n i c   t r a n s d u c e r   and  t h e   a p p r o p r i a t e  

f r e q u e n c y   t r a n s u c e r   i s  u s e d .  

The  e l e c t r o n i c s   f o r   t h e   u l t r a s o n i c   i n s p e c t i o n   d e v i c e  

as   d e s c r i b e d   may  be  p o s i t i o n e d   s e p a r a t e l y   f r o m   t h e  

t r a n s d u c e r   j i g .   For  e x a m p l e   d u r i n g   u n d e r w a t e r   i n s p e c t i o n  

t h e   t r a n s d u c e r   j i g   i s   c o n n e c t e d   to   t h e   e l e c t r o n i c s   v i a   a n  

u m b i l i c a l   c a b l e ,   t h e   e l e c t r o n i c s   b e i n g   c a r r i e d   on  b o a r d   a  

s h i p   or  r i g   on  t h e   w a t e r   s u r f a c e .   In  t h i s   c a s e   a  d i v e r  

o p e r a t i n g   t h e   j i g   wou ld   have   to  r e l y   on  i n s t r u c t i o n s   f rom  a 

d i s t a n t   s o u r c e   t h u s   l i m i t i n g   s o m e w h a t   t h e   v e r s a t i l i t y   o f  

t h e   d e v i c e .   Thus  i t   w o u l d   be  q u i t e   f e a s i b l e   to  i n c o r p o r a t e  

t h e   e l e c t r o n i c s   in  t h e   t r a n s d u c e r   j i g   i t s e l f   so  t h a t   t h e  

d i v e r   can   m a k e   t h e   a p p r o p r i a t e   a d j u s t m e n t s   to   o p t i m i s e  

a l i g n m e n t   o f   t h e   t r a n s d u c e r   b e a m  a n d   t o  t h e r e a f t e r  

d e t e r m i n e   w h e t h e r   or  n o t   t he   m e m b e r   u n d e r   t e s t   i s   f l o o d e d  

w i t h o u t   r e f e r e n c e   to  a  r e m o t e   c o n t r o l l i n g   s o u r c e .  



1.  An  i n s p e c t i o n   d e v i c e   f o r   d e t e c t i n g   f l o o d i n g   of  a  

h o l l o w   s t r u c t u r a l   m e m b e r ,   c h a r a c t e r i s e d   in   an  u l t r a s o n i c  

t r a n s d u c e r   ( 1 9 )   f o r   e m i t t i n g   a  p u l s e d   beam  of  u l t r a s o n i c  

s o u n d ,   m e a n s   (8)  a r r a n g e d   to  m o u n t   t h e   t r a n s d u c e r   to  t h e  

s t r u c t u r a l   m e m b e r   a t   a  s p a c i n g   t h e r e b e t w e e n   so  t h a t   t h e  

beam  p a t h   i s   d i r e c t e d   to  p a s s   t h r o u g h   o p p o s i n g   s p a c e d   w a l l s  

or  w a l l   p o r t i o n s   of  t h e   m e m b e r ,   and  i n d i c a t i n g   m e a n s   ( 3 2 )  

r e s p o n s i v e   to  t i m e - s p a c e d   e c h o e s   of  the   u l t r a s o n i c   p u l s e d  

beam  r e f l e c t e d   r e s p e c t i v e l y   f r o m   s a i d   o p p o s i n g   w a l l s   o r  

w a l l   p o r t i o n s   and  r e c e i v e d   by  s a i d   t r a n s d u c e r   (19)   t o  

i n d i c a t e   t he   p r e s e n c e   or  a b s e n c e   of  f l o o d i n g   in  the   m e m b e r .  

2.  A  d e v i c e   as  c l a i m e d   in  C l a i m   1,  c h a r a c t e r i s e d   in  t h a t  

s a i d   m o u n t i n g  m e a n s   c o m p r i s e s   a  s u p p o r t   f r a m e   (8)  f o r  

m o u n t i n g   t h e   t r a n s d u c e r ,   and  one  or  m o r e   m a g n e t i c   f e e t  

( 1 6 , 1 7 )   a t t a c h e d   to  s a i d   s u p p o r t   f r a m e   (8)  f o r   m a g n e t i c a l l y .  

c l a m p i n g   the   s u p p o r t   f r a m e   (8)  t o ' t h e   m e m b e r .  

3.  A  d e v i c e   as  c l a i m e d  i n   C l a i m   2,  c h a r a c t e r i s e d   in  t h a t  

t h e r e   a r e   t h r e e   m a g n e t i c   f e e t   ( 1 6 , 1 7 )   a r r a n g e d   in  s p a c e d  

r e l a t i o n s h i p   on  s a i d   s u p p o r t   f r a m e   ( 8 ) ,   one   of  s a i d  

m a g n e t i c   f e e t   (16)  b e i n g   m o u n t e d   at  the   r e s p e c t i v e   ends   o f  

a  b r a c k e t   (15)  a t t a c h e d   to  the   s u p p o r t   f r a m e   (8)  and  s h a p e d  

to  p e r m i t   t he   d e v i c e   to  be  c l a m p e d   to  a  t u b u l a r   s t r u c t u r a l  

m e m b e r   w i t h   s a i d   f e e t   (16)   a t t a c h e d   to  s a i d   b r a c k e t   ( 1 5 )  



s p a c e d   a r o u n d   the   t u b u l a r   m e m b e r .  

4.  A  d e v i c e   as  c l a i m e d   in  C l a i m s   2  or  3,  c h a r a c t e r i s e d   i n  

t h a t   s a i d   s u p p o r t   f r a m e   (8)  i s   p r o v i d e d   w i t h   a l i g n m e n t  

means   f o r   a l i g n i n g   the   beam  w i t h   r e s p e c t   to  t he   s t r u c t u r a l  

m e m b e r   t h e r e b y   to  o p t i m i s e   t h e   a m p l i t u d e   of  t h e   f i r s t  

r e c e i v e d   one  of  s a i d   r e f l e c t e d   e c h o e s .  

5.  A  d e v i c e   as  c l a i m e d   in   C l a i m   4,  c h a r a c t e r i s e d   in  t h a t  

s a i d   a l i g n m e n t   means   c o m p r i s e s   a  b r i d g e   p l a t e   (10 ) ,   s p r i n g  

means   (11)   f o r   u r g i n g   the   b r i d g e   p l a t e   (10)  away  f rom  s a i d  

s u p p o r t   f r a m e   ( 8 ) ,   and  m e a n s   f o r   a d j u s t i n g   t h e   s p a c i a l  

r e l a t i o n s h i p   b e t w e e n   t he   b r i d g e   p l a t e   (10)  and  s a i d   s u p p o r t  

f r a m e   (8)  and  t h u s   the   d i s t a n c e   b e t w e e n   the   t r a n s d u c e r   ( 1 9 )  

and  t h e   s t r u c t u r a l   member   u n d e r   t e s t .  

6.  A  d e v i c e   as  c l a i m e d   in   C l a i m   3,  c h a r a c t e r i s e d   in  t h a t  

s a i d   a d j u s t m e n t   means   c o m p r i s e s   at   l e a s t   t h r e e   s h a f t s   ( 9 )  

s c r e w   m o u n t e d   to  s a i d   s u p p o r t   f r a m e   (8) ,   s a i d   b r i d g e   p l a t e  

(10)  b e i n g   m o v a b l y   m o u n t e d   on  s a i d   s h a f t s   (9) ,   and  c o n t r o l  

m e a n s   f o r   a c t u a t i n g   t h e   s h a f t s   t h e r e b y   to  a d j u s t   t h e  

p o s i t i o n   of  s a i d   b r i d g e   p l a t e   (10 )   w i t h   r e s p e c t   to  s a i d  

s u p p o r t   f r a m e   ( 8 ) .  

7.  A  d e v i c e   as  c l a i m e d   in  C l a i m   6,  c h a r a c t e r i s e d   in  t h a t  

s a i d   s p r i n g   m e a n s   c o m p r i s e s   a  c o i l e d   s p r i n g   (11)   m o u n t e d  

a r o u n d   e a c h   s a i d   s h a f t   (9)  b e t w e e n   s a i d   p l a t e   (10)  and  s a i d  



s u p p o r t   f r a m e   ( 8 ) .  

8.  A  d e v i c e   as  c l a i m e d   in   C l a i m s   6  and  7,  c h a r a c t e r i s e d  

in   t h a t   s a i d   c o n t r o l   m e a n s   c o m p r i s e s   a  s e t t i n g   s c r e w   ( 1 4 )  

f o r   one  s h a f t   ( 9 ) ,   and  a  c i r c u l a r - s h a p e d   a c t u a t i n g   k n o b  

( 1 2 )   and  a  t r i a n g u l a r - s h a p e d   a c t u a t i n g   k n o b   (13)   f o r   t h e  

o t h e r   two  s h a f t s   (9)  r e s p e c t i v e l y .  

9.  A  d e v i c e   as  c l a i m e d   in  C l a i m   8,  c h a r a c t e r i s e d   in  t h a t  

t h e   s h a f t s   (9)  c a r r y i n g   s a i d   a c t u a t i n g   k n o b s   ( 1 2 , 1 3 )   a r e  

a r r a n g e d   on  t h e   s u p p o r t   f r a m e   (8)  s u c h   t h a t   i n d i v i d u a l  

a c t u a t i o n   t h e r e o f   m o v e s   s a i d   b r i d g e   p l a t e   (10)   in   t w o  

o r t h o g o n a l   p l a n e s   t h e r e b y   to  e n a b l e   o p t i m a l   a l i g n m e n t   o f  

t he   t r a n s d u c e r   beam  w i t h   r e s p e c t   to  t he   s t r u c t u r a l   m e m b e r  

u n d e r   t e s t .  

10.   A  d e v i c e   as   c l a i m e d   i n   a n y   p r e c e d i n g   c l a i m ,  

c h a r a c t e r i s e d   in   t h a t   s a i d   i n d i c a t i n g   m e a n s   c o m p r i s e s  

e l e c t r o n i c   c i r c u i t   m e a n s   f o r   m o n i t o r i n g   s a i d   e c h o e s   a n d  

p r o v i d i n g   s i g n a l s   r e p r e s e n t a t i v e   t h e r e o f ,   a n d   a n  

o s c i l l o s c o p e   (26)   r e s p o n s i v e   to  s a i d   s i g n a l s   f o r   v i s u a l  

d i s p l a y   of  s a i d   t i m e - s p a c e d   r e f l e c t e d   e c h o e s .  

11.  A  d e v i c e   as  c l a i m e d   in  C l a i m   10  c h a r a c t e r i s e d   in  t h a t  

s a i d   e l e c t r o n i c   c i r c u i t   m e a n s   i n c l u d e s   a  f i r s t   v i s u a l  

i n d i c a t o r   (31 )   f o r   i n d i c a t i n g   r e c e p t i o n   of  a  f i r s t   e c h o  

d i s p l a y e d   on  a  l o w e r   t r a c e   of  s a i d   o s c i l l o s c o p e   (26)   f r o m  

t h e   n e a r e s t   one  of  s a i d   o p p o s i n g   w a l l s   or  w a l l   p o r t i o n s  



c o r r e s p o n d i n g   to  c o r r e c t   a l i g n m e n t   of  t he   beam  w i t h   r e s p e c t  

t h e r e t o ,   and  a  s e c o n d   v i s u a l   i n d i c a t o r   (32)  f o r   i n d i c a t i n g  

r e c e p t i o n   of   a  s e c o n d   e c h o   d i s p l a y e d   on  an  u p p e r   t r a c e   o f  

s a i d   o s c i l l o s c o p e   (26 )   f r o m   t h e   f a r t h e s t   one  of  s a i d  

o p p o s i n g   w a l l s   or  w a l l   p o r t i o n s   s u b s e q u e n t   to  a c t i v a t i o n   o f  

s a i d   f i r s t   v i s u a l   i n d i c a t o r   ( 3 1 ) ,   a n d   i n d i c a t i v e   o f  

f l o o d i n g   of  the   m e m b e r .  

12.  A  d e v i c e   as  c l a i m e d   in   C l a i m   11,  c h a r a c t e r i s e d   in  t h a t  

s a i d   f i r s t   v i s u a l   i n d i c a t o r   ( 3 1 )   i s   c o u p l e d   to  a  f i r s t  

g a t e d   d e m o d u l a t o r   ( 2 8 ) ,   t h e   g a t e   (30 )   of  w h i c h   i s   s e t   o n  

the   l o w e r   t r a c e   of  s a i d   o s c i l l o s c o p e  ( 2 6 )   t h e r e b y   to  e f f e c t  

a c t i v a t i o n   of  s a i d   f i r s t   v i s u a l   i n d i c a t o r   (31 )   w h e n   s a i d  

f i r s t   echo   f a l l s   b e t w e e n   the   t i m e   d e l a y   and  a m p l i t u d e   l i m i t  

i m p o s e d   by  s a i d   g a t e   (30)  of  t he   f i r s t   d e m o d u l a t o r   ( 2 8 ) .  

13.  A  d e v i c e   as  c l a i m e d   in  C l a i m s   11  or  12,  c h a r a c t e r i s e d  

in   t h a t   s a i d   s e c o n d   v i s u a l   i n d i c a t o r   (32 )   i s   c o u p l e d   to  a  

s e c o n d   g a t e d   d e m o d u l a t o r   ( 2 7 ) ,   t h e   g a t e   ( 2 9 )   of  w h i c h   i s  

s e t   on  t he   u p p e r   t r a c e   of  s a i d   o s c i l l o s c o p e   (26)  t h e r e b y   t o  

e f f e c t   a c t i v a t i o n   of  s a i d   s e c o n d   v i s u a l   i n d i c a t o r   (32)  w h e n  

s a i d   s e c o n d   echo  f a l l s   w i t h i n   t he   d e l a y   l i m i t   and  a m p l i t u d e  

l i m i t   i m p o s e d   by  t h e   g a t e   ( 2 9 )   of  s a i d   s e c o n d   d e m o d u l a t o r  

( 2 7 ) .  

14.  A  d e v i c e   as  c l a i m e d   in   C l a i m s   12  or  13,  c h a r a c t e r i s e d  

in   t h a t   s a i d   d e l a y   l i m i t   i m p o s e d   by  t h e   g a t e   ( 2 9 , 3 0 )   o f  



s a i d   f i r s t   or  s e c o n d   d e m o d u l a t o r   ( 3 1 , 3 2 )   i s   d e p e n d e n t   o n  

t h e   d i s t a n c e   of  p a t h   of  t r a v e l   of  t h e   u l t r a s o n i c   b e a m  

b e t w e e n   s a i d   o p p o s i n g   w a l l s   or  w a l l   p o r t i o n s   of  t h e  

s t r u c t u r a l   m e m b e r ,   and  t h e   s e p a r a t i o n   of  t h e   u l t r a s o n i c  

t r a n s d u c e r   (19 )   f r o m   t h e   w a l l   of  t h e   s t r u c t u r a l   m e m b e r   t o  

w h i c h   i t   i s   m o u n t e d .  
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